3 hydrogen because, due to the high incoherent scattering cross section of the proton, most incoming neutrons are redistributed evenly into the full solid angle 4π. As a result, hydrogen atoms in the simpsonite crystal allow us to observe the holographic image of the oxygen atoms in their neighbourhood.
An example of the use of the neutron IDH concept is the holographic experiment carried out on a Pb 0.9974 Cd 0.0026 alloy [21] . Due to their high neutron absorption cross section, cadmium nuclei may serve as efficient neutron detectors. Subsequent to neutron absorption, the deexcitation energy of the compound nucleus is emitted via prompt γ -rays. The yield of γ -rays is proportional to the neutron flux at the position of the detector nuclei, which, in turn, is modulated by the variation of the holographic term arising from the neighbouring Pb nuclei.
Detector atoms, and also usually the source atoms, represent a secondary source of radiation after having been excited by some radiation coming from a distant primary source outside the sample (e.g. neutron source, synchrotron radiation and electron tube). For example, this secondary radiation can be produced by ionization and secondary x-ray emission, in the case of x-rays, by inelastic electron scattering or secondary electron emission, in the case of electrons, and by prompt-γ activation or spin-incoherent neutron scattering in the case of neutrons. In the IDH case, the secondary radiation serves as a detector signal proportional to the intensity of the primary beam at the position of the detector atom, whereas in the ISH case, the primary beam is used to excite the source atom.
Effectively, detector atoms act at the same time as source atoms and, inversely, source atoms act as detector atoms (we use the term 'probe' atoms to subsume both of them). Thus, usually the recorded holographic image is a superposition of both ISH and IDH. When applying Barton's reconstruction [5] to one type of hologram, the other hologram will cause distortions of the reconstructed image.
Another problem in neutron holography arises if the probe atoms are protons (or other spin-incoherent scatterers). Then the primary and secondary beams are not separable without loss of intensity. As a consequence, further modulations in the measured intensity distribution due to diffraction will occur, such as Bragg peaks [15] or elastic diffuse scattering [17] , which may cover the holographic oscillations in the recorded image.
Motivated by the above discussion, in the present work we address several major drawbacks that have impeded wider application of holography for a long time, namely the superposition of IDH and ISH holograms, the frequently required inconveniently long measuring times and the masking of holographic modulations by diffraction intensity patterns. The two latter complications relate specifically to neutron holography. In principle, the severity of these problems can be reduced substantially by the application of two-dimensional position-sensitive detectors (2D PSD). Yet, the requirements concerning stability and calibration of such detectors are not easy to meet and, therefore, their use is not straightforward.
To overcome the mentioned difficulties, a profoundly new approach, the so-called double reconstruction (DR), has been developed in which the specific structure and properties of 2D PSD data are explicitly taken into account. DR suppresses the mutual distortions caused by the coexistence of the two kinds of holograms and extracts the information stored in the measured hologram in a more complete way. The efficiency of the DR method is significantly enhanced by employing 2D area detectors. In addition, this novel approach reduces the level of distortion arising from elastic diffuse scattering and statistical noise. Thus, our method is able to separate holographic and elastic diffuse scattering, thereby enabling neutron holographic measurements on samples that do not possess translational order but only possess orientational order. An example of such systems is biological membranes containing oriented proteins, which are very intriguing candidates for neutron holographic studies [23] .
The power of this method is illustrated here by applying it to a real measurement on a palladium-hydrogen sample.
Description of mixed inside detector holography (IDH) and inside source holography (ISH)
IDH and, in most of the cases, ISH are based on the use of a probe atom converting part of the primary radiation into secondary radiation that cannot interfere with the primary beam.
For a full description of ISH and IDH, we solve the Helmholtz equation (stationary wave equation) for two incoherent waves having the same wavelength. (The probe atom is assumed to be a spin-incoherent scatterer.) Let us consider an arrangement of N atoms containing one probe atom, which is taken as the origin and assigned the index 1. The other atoms scatter both the primary and secondary beams coherently and isotropically. Thus, the scattering on the lth atom can be described by the coherent scattering lengths b l . The initial beam is a plane wave coming from a distant source. The system is described by the function containing the wave functions of both the primary ( i ) and the secondary ( f ) wave:
The primary beam is the sum of the initial beam and the beams scattered coherently by the other atoms being at r l :
The secondary beam emitted by the probe atom is the sum of the spherical beams arising from scattering at each atom:
In formulae (2) and ( 
where a n is the scattering operator of the nth atom:
where s gives the transition probability from the primary to the secondary beam, and δ n,1 is the delta function. If the probe nucleus is a proton, then s is equal to the so-called incoherent scattering length [24] . In the second-order solution of (4), each atom scatters the sum of the 
In most cases (electron holography, x-ray holography, neutron holography with detector nuclei emitting prompt-γ radiation) the primary beam is not detected during the holographic measurement. In neutron holography, with the proton as a probe particle, the primary beam contains contributions due to diffraction inducing distortions. The secondary beam comprises the holographic oscillations. The scattering lengths are small and in first-order approximation we can write φ
on the right-hand side of (8) . In the case of a secondary particle, φ
/r l and we include it on the right-hand side of (7) . b/r is small, so the second part of the right-hand side of (7) is negligible. The amplitudes of the secondary beams scattered by each atom are
The intensity of the secondary beam ( f ) at the position of the distant detector (r d ) is the sum of the beams scattered by each atom. Applying (3) and (9) we obtain
Since k f is parallel to the detecting direction r d , k
Since the sample-detector distance (r d ) is large compared with the interatomic distances, we can use 1/|r d − r l | ≈ 1/r d . Applying these simplifications and (9), the detected intensity is
Using equation (10) we obtain
Here, χ i (k i ) is the object beam in the inside detector hologram and χ f (k f ) is the object beam in the inside source hologram. The scattering lengths are small compared to the interatomic distances. Neglecting the parts containing the second order of b/r (the intensities and cross products of the object beams χ i and χ f ), the detected intensity is
Here, 2 (χ i (k i )) is the inside detector hologram, and 2 (χ f (k f )) is the inside source hologram. Similar calculations can be made for x-ray holography if both the primary and secondary particles are photons, but the scattering lengths are to be replaced by anisotropic scattering functions. In the case of electron holography, the scattering is too strong, thus the simplifications used above become incorrect.
Note that the vectors k i and k f are defined in different vector spaces. The first one is the wave vector of the incoming beam, whereas the second one is the wave vector of the measured beam relative to the sample orientation. Thus, changing one of the rotation angles of the spectrometer entails different changes to the two vectors. In the following, we refer to the space of k i as IDH space and to the space of k f as ISH space.
The problem of mixed ISH and IDH
The detected intensity (equation (15)) depends on vectors belonging to two different spaces (IDH space and ISH space). If one measures only one type of hologram or neglects the other type, then Barton's reconstruction algorithm can be applied [5] :
where U(R) is the reconstructed complex amplitude of the wave field at the point R in real space and dσ k is the surface element of the k-sphere (the Ewald sphere), which contains the measurement domain S. Thus, in performing the reconstruction, one uses only one of the two spaces. We call a holographic image 'native' if it is reconstructed from its own space (IDH from IDH space and ISH from ISH space) and 'parasitic' if it is reconstructed from the other space (IDH from ISH space or ISH from IDH space). In the course of reconstruction, the appearance of parasitic holograms may cause spurious peaks in the image.
In order to illustrate what the different holograms in the different spaces look like, we have calculated the hologram of a simple cubic array of 5 × 5 atoms arranged in a single plane with one probe atom at the centre. Let us choose the scattering amplitudes in such a way that b/r is constant, the first-neighbour distance 1 Å and the wavelength 0.5 Å. Further, it is assumed that the rotations of the sample are carried out according to the setup of a conventional single crystal diffractometer (an 'ω'-table and an Eulerian cradle with χ and φ rotations), as described in the work of Busing and Levy [25] . The plane of the Eulerian cradle is chosen parallel to the direction of the initial beam (IDH setup, ω = 90
• ) and the scattering angle 2 is 15 The calculated single and mixed holograms in the different spaces are shown in figure 1 . It is worthy of note that, if one has the opportunity to carry out the measurement over the whole sphere in IDH space, then the maximum and minimum χ angles in ISH space are equal to (90
• − 2 ) and (−90
• + 2 ), respectively. (In the case where 2 equals 90 • , the observable ISH space is restricted to the equator of the k f -sphere.) In figure 2 , the reconstructed images obtained from IDH space are displayed. If both the sample and the measurement domain possess central symmetry, the reconstruction leads to an image that does not contain an imaginary part. The amplitudes of the atomic peaks vary as (−b j /r j ) cos(kr j ) and, as a consequence [22] , neighbour atoms become invisible for certain combinations of k and r (this will be referred to as the 'cosine dependence' in the following). Comparing figures 2(a) and (b), one can see that the reconstructed parasitic hologram is similar to the native one but is rotated through the scattering angle and slightly deformed, because the IDH was mapped on the ISH space by a nonlinear transformation. It can also be seen that the distortion caused by a parasitic hologram (in this case the ISH in the IDH space) destroys the symmetry of the image and appears in the double hologram figure 2(c) as a 'ghost image'. In the case of electron and x-ray holography, the absolute values of k i and k f usually differ; thus the parasitic holographic image will be magnified by k f /k i in the ISH case and by k i /k f in the IDH case.
There are several methods to avoid the appearance of parasitic holograms in the measured data, most of which are based on special rotations of the sample. If, during a rotation, the relative orientation of either the incoming beam and the sample or the measured beam and the sample remains unchanged, then we call this rotation a pure rotation (pure IS rotation or pure ID rotation, respectively). For example, if we perform rotations changing either only k i or only k f , we speak of pure ID or pure IS rotations accordingly. If both k i and k f are changing, we use the term 'mixed rotation'. For a single energy hologram one needs two rotations to scan a surface in k-space. If these two rotations are pure, then a native hologram is measured without parasitic distortion. If one of the rotations is mixed, then parasitic oscillations appear as a function of the angle corresponding to the mixed rotation. In this case, one can determine a normalization function by performing a very precise measurement of the parasitic oscillation. Upon dividing the measured data by this normalization function, the parasitic hologram is suppressed [10] .
All methods for measuring pure native holograms are based on special measurement geometries. These methods require a higher degree of rotational freedom than is usually available on typical diffractometers. If the required rotation is not available, then the pure rotations can be carried out only in a limited range, causing atomic peak broadening and additional oscillations in the reconstructed image.
If, in neutron holography, hydrogen serves both as source and detector atom, then the secondary beam is not separable from the primary one. Thus, diffraction effects, such as Bragg peaks [15] , diffuse elastic scattering [17] or inelastic scattering, appear in the measured hologram, introducing serious distortions in the reconstructed image. If the sample possesses not translational but merely orientational order, such as the biological membranes mentioned above, the diffuse elastic scattering becomes more dominant. In order to avoid diffraction effects, it is suggested to cover a volume of the momentum-transfer ( Q = k i − k f ) space being as small as possible. Yet, pure rotations cover a wide range of Q space. Further, in the presence of diffuse elastic scattering, pure rotation measurements are not advisable. In these cases there is a need for a special measurement and reconstruction method to extract data from a measurement containing mixed ISH and IDH signals.
Using position-sensitive detectors (PSD) and double reconstruction (DR)
We propose a new method (and prove the possibility of using it in a real experiment) based on the combination of two concepts. The first one is carrying out holographic measurements using large position-sensitive area detectors (PSD) together with rotating the sample about two axes of the Eulerian cradle (χ and φ). The setup is outlined in figure 3 . In this case, one obtains the ISH by collecting 2D data as a function of the detector position in k f space, and the IDH by registering the sum of all counts in the detector as a function of the sample orientation. If the rotation steps are smaller than the viewing angle of the PSD, then the measured data for different sample orientations in the inside source case will overlap each other. Because each sample orientation defines one point in IDH space, the IDH (which is the parasitic hologram in this case) appearing in k f space will be convoluted with a box function whose width equals the viewing angle of the detector. The same happens if one plots the measured data in IDH space (here the ISH image will be smeared). The proposed method will suppress the reconstructed parasitic image, depending on the distance from the origin in the reconstructed image [26, 27] . Of course, this method possesses its own limitations. The presence of Bragg peaks strongly influences the 2D image. In principle, it is possible to cut out the Bragg peaks, but distortion scattering at the shoulders of the peak (e.g. of the Huang and Stokes-Wilson type) cannot be removed perfectly from the 2D image. To avoid the presence of Bragg peaks in the pictures, the viewing angle of the PSD should be smaller than the angle separating different Bragg peaks. During measurements, a change to the scattering angle is not recommended because of the Qdependence of the incoherent background, i.e. the change of the reference beam of the ISH. The optimum scattering angle is half the angle corresponding to the first Bragg peak. The viewing angle should be small enough to exclude the diffuse scattering around the Bragg peak and the small angle scattering around the direct beam as well.
The aforementioned forward scattering geometry implies that the plane of the Eulerian cradle should be parallel, or almost parallel, to the direct beam. In this setup the Q vector is almost perpendicular to the plane of the cradle, so the measurement covers only a small part of Q-space with the shape of a rectangular toroid. Moreover, in both spaces one gets a smeared diffraction image of the low-Q region where the change of the diffraction image is small anyway. In figure 4 , the effect of using a PSD is illustrated by a model calculation. The conditions of the model calculation are the same as above; the only difference is the use of a PSD with a viewing angle of 8
• , which is half of the viewing angle subtended by the PSD employed in the present experiment.
Precise calibration of a PSD entails additional difficulties. If, according to the DR method, one sums up all 2D data matrices measured by the 2D PSD for different sample orientations, then the holographic oscillations and the orientation-dependent diffraction images are averaged The second concept is to apply Bartons' reconstruction equation (16) separately to the IDH and the ISH representation of the recorded hologram. In this way, one obtains an inside detector reconstruction (IDR) and an inside source reconstruction (ISR), respectively. By adding the two reconstructions, one gets a new image called a doubly reconstructed holographic image (DR). While the distortion of this DR (coming from the parasitic images) is usually comparable with the distortions of the two original reconstructions (IDR and ISR), the value of the undistorted holographic signal gets doubled (i.e. its intensity becomes four times larger). If the distortions are unfavourably superimposed, then sparsely distributed false peaks may occur. By carrying out model calculations, the origin of these peaks can be identified. As an alternative solution, one can use proper planning of the measurement geometry to avoid these peaks. The DR procedure is a special symmetry operation, so the signal-to-noise ratio of the reconstructed image will also be improved [27] . By applying other symmetry operations based on the symmetries of the sample, the influence of the distortions will be further reduced. As a result, the simultaneous use of the PSD and the DR method will lead to a reconstructed image with better quality, as shown in figure 5.
Experimental
A primary goal of the present work is to explore the potential of applying 2D detectors in neutron holography experiments with atomic resolution. Although 2D detectors have become common, e.g. in neutron small-angle scattering, there are at present only a few single crystal diffractometers available that offer fully functional 2D detectors that meet the particular specifications regarding stability and calibration required in the present context. After examining and testing several instruments at various neutron laboratories, the single crystal diffractometer TriCS [28] 6 at the Swiss spallation source SINQ (PSI) turned out to be the most satisfactory choice. The only inconvenience of the spectrometer derives from the fact that just one suitable wavelength (1.18 Å) is available within the range appropriate for holography. Owing to the 'cosine dependence' discussed above, this implies that the visibility of certain atomic positions showing up only faintly at the given wavelength cannot be enhanced by choosing another wavelength for complementary measurements.
In order to prove the efficiency of the simultaneous application of DR together with a PSD, a neutron holographic experiment was carried out on the metal-hydrogen system PdH. PdH was the very first metal-hydrogen system discovered and still serves as a reference for the study of various properties of metal hydrides [29] . There are several applications, such as providing very clean hydrogen gas and serving as a tritium storage material, both of which are important for prospective fusion reactors [30] . Hydrogen is generally assumed to occupy octahedral sites in the Pd fcc host lattice [31] . However, based on neutron powder diffraction measurements, it was recently proposed [32] that substantial amounts of hydrogen can be found on tetrahedral interstitial sites as well, particularly at elevated temperatures. Therefore, the sample was mounted in a furnace, governed also by the additional motivation to demonstrate the possibility of performing neutron holography in more complex sample environments. (All neutron holography experiments so far were done at ambient conditions.)
The first neutron holography investigation of the metal-hydrogen system PdH was carried out a few years ago by Cser et al [16] . In this earlier experiment, only the first neighbour Pd atoms around the H atoms were observed in the reconstructed hologram. The observation of remote neighbours was restricted by the unfavourable geometry of the sample and its orientation, forcing the authors to apply severe correction procedures to get rid of absorption effects. Later on, Hayashi et al [17] used a different experimental setup to make the hydrogen neighbours visible (see the discussion below).
In the present experiment, the sample was a spherically shaped Pd single crystal with a diameter of about 7 mm. The crystal was loaded at temperatures above the critical point, in order to circumvent the miscibility gap, up to a composition of about PdH 0.78 . To avoid hydrogen loss, the sphere was electrolytically coated with a thin copper film (thickness ∼10 µm) immediately after charging. The coating is impermeable to hydrogen under typical experimental conditions. The sample was mounted into a furnace and heated slowly to about 600 K to search for evidence of tetrahedral site occupation [32] . Unfortunately, at this temperature the copper film turned out to be no more adequate to keep the hydrogen inside the sample. Loss of hydrogen set in, which could be monitored by observing the change in the lattice parameter. The temperature was then lowered to 500 K, where the hydrogen concentration stabilized again. The final composition maintained until the end of the experiment was PdH 0.51 . This concentration lies within the miscibility gap at ambient temperature. However, at 500 K, the composition lies well above the miscibility gap so that the homogeneity of the sample is not compromised by decomposition. All data presented below were measured at 500 K at a nominal composition of PdH 0.51 , as deduced from the lattice parameter. The monochromator of the single crystal diffractometer TriCS is a doubly focusing Ge crystal providing a wavelength of 1.18 Å. The Eulerian cradle was parallel to the incoming neutron beam. The width of the PSD was 160 mm both horizontally and vertically, the origin of the detector was set at 2 = 15
• and the sample-detector distance was ∼650 mm. The smallest measured scattering angle covered by the detector (∼7
• ) was sufficiently far from the direct beam, and the largest scattering angle (∼23
• ) was also far from the first Bragg peak (2 111 ∼ 29
• ). The sample orientation was determined before the holographic measurement, and from time to time we checked the lattice parameter to be sure that the sample did not lose hydrogen. The measurement was carried out at 500 K. To cover the whole Ewald sphere and to decrease the noise level in the reconstructed image [27] , we used symmetry operations using the fourfold symmetry of the sample.
The measured data summed up in different geometries are displayed in figure 6 . The background was calculated using low-pass Fourier filtering along the χ-direction. After dividing the measured data by the background, we got largely flat data without any indication of oscillations due to elastic diffuse scattering [17] . The measured data after background removal are shown in figure 7 . The data are smoothed by convoluting with a box-function of 6
• width to achieve better visibility of extended intensity patterns in the figure. For the reconstruction we did not use the convolution.
We applied the procedure introduced in section 4 to the experimental data and obtained the holographic image in the doubly reconstructed form. Figure 8 provides a comparison of the reconstruction techniques ISR, IDR and DR. White circles mark the hydrogen octahedral interstitial sites and black circles mark the palladium lattice sites. There are six Pd atoms in an octahedral configuration forming the first neighbour shell around the central hydrogen atom. The second Pd shell is made up of eight atoms occupying the corners of the cube displayed in the figure. As a consequence of the experimental conditions (fixed wavelength of the instrument and lattice parameter of the sample), and due to the cosine dependence (cf section 3), the holographic reconstruction can make the first neighbour Pd atoms only faintly visible, if at all. The first hydrogen neighbour shell is made up of 12 atoms, four of them arranged in each plane, respectively.
Comparing the results of the three reconstruction techniques, the most conspicuous advantage of the DR method consists in the near to complete elimination of spurious peaks. Such false intensities emerge in both the ISR and the IDR reconstructions and, if the lattice structure had not been known beforehand, could be erroneously mistaken for occupied lattice sites. Besides, the atomic positions of the ISR and IDR images are somewhat shifted away from their correct values.
While figures 8(a)-(c) show intensity distributions, figure 8(d) displays the amplitudes of the reconstructed wave functions: hydrogen peaks have negative amplitudes, while palladium peaks have positive ones. Basically, the sign and absolute value of the amplitudes are defined by
where r is the square root of the variance of the atomic position relative to the origin (i.e. the source or the detector atom) and k is the resolution of the measurement [26, 27] . In metal-hydrogen systems such as PdH, the protons occupying interstitial sites may exhibit local modes or participate in collective excitations (optical phonons), depending on the hydrogen concentration. In any case, the amplitudes of the hydrogen atoms are large due to their low mass, and this effect is still enhanced in PdH owing to the unusually soft potential defining the hydrogen sites. In the present experiment, the protons serve both as detector and source atoms and, as a consequence, the atomic peaks of H atoms are wider than those of the Pd atoms.
Comparing model calculations with experimental data, it was deduced that no hydrogen atoms in tetrahedral positions were observed, in agreement with the conventional view of the PdH system. However, given the relatively low hydrogen concentration and the moderate temperature in the present experiment, this result is not necessarily in contradiction with the recently claimed evidence for the occupation of tetrahedral sites by some fraction of the hydrogen atoms at higher temperatures. The remaining differences between the model calculations and the measurement arise mainly due to the following largely inevitable complications. (a) The statistical noise causing modulations in the reconstructed image with a frequency spectrum resembling the holographic oscillations gives rise to shifts in the peak positions of atoms at greater distances and changes their amplitudes. (b) The imperfectly removed background causes slow oscillations in the vicinity of the origin, changing the amplitudes of closely neighbouring atomic peaks. (c) Due to the non-stoichiometric composition of the sample, local fluctuations of the H concentration may arise. As a consequence, the interatomic distances and the occupancy of hydrogen positions (and also the mean scattering length at each H position in the sample) are subject to some variation. The resulting slight inexactness of atomic positions and scattering lengths used in the model calculations will change the amplitudes of the atomic peaks according to the cosine dependence [22] . (d) The side oscillations of atomic peaks interfere with and shift the peaks of neighbouring atoms due to the small r/λ ratio, depending on the respective amplitudes of the atomic peaks.
In all, the holography measurement carried out on the PdH system proves the usefulness of the simultaneous application of both the DR method and a 2D detector.
Conclusion
In the present paper, we have proposed a new method that allows one to measure and evaluate both internal source and internal detector holograms simultaneously. The method is based on using a 2D PSD in forward scattering geometry, together with rotation of the sample by an Eulerian cradle and on applying the DR procedure. The DR reconstructs the measured data both as a function of the initial wave vector and as a function of the scattered wave vector. In this type of measurement, the variation in the diffraction image is minimized, while the information originating from the close neighbours of the source and detector atoms is used highly effectively. The DR represents a special symmetry operation and thus the signal-to-noise ratio in the reconstructed image is improved. It appears appropriate to underline that the use of a PSD is an inherent part of the DR method, allowing us to successfully observe the simultaneous occurrence of ISH and IDH and to avoid disturbing diffraction effects.
In x-ray and electron holography, where the primary and secondary beams are separable (diffraction effects, therefore, do not cause distortions), the DR gives more freedom in choosing the measurement domain. As a result, either the resolution of the reconstructed image increases or a simpler experimental setup can be used. In addition, it is recommended to use a PSD. Further, for electron and x-ray holography, we propose to slightly modify the iterative reconstruction method [33] and the scattering pattern matrix (SPM) [34] in such a way that they are able to treat both holographic signals, i.e. in these methods the single holographic model function should be replaced by the function χ i (k i ) + χ f (k f ) made up of two parts. This correction has all the advantages described above, while the only disadvantage derives from the increased calculation time.
Apart from the present work, two earlier experiments applying neutron holography have been performed on PdH. Cser et al [16, 35] used a wavelength of 0.9 Å and a single detector to investigate a large platelet of single-crystalline PdH with the composition PdH 0.78 . After properly correcting for absorption and shape of the sample, the 6 first Pd neighbours around the octahedral interstitial hydrogen sites were clearly visible in the reconstructed image. A recent experiment by Hayashi et al [17] was done at a greater wavelength of 1.82 Å using a 1D multidetector on a powder diffractometer. The sample was likewise a platelet of singlecrystalline PdH with the composition PdH 0.78 , but with considerably smaller dimensions. The reconstruction gave the positions of first Pd neighbours and, in addition, second hydrogen neighbours around the octahedral interstitial sites. By comparison, in the present experiment done at a wavelength of 1.18 Å on a spherical sample of PdH 0.51 at 500 K in a furnace and using a 2D PSD, the 8 second Pd neighbours and the 12 first hydrogen neighbours could be observed for the first time. The successful reconstruction of the respectively different neighbour shells in the three experiments is partly due to the suppression of particular lattice positions resulting from the cosine dependence.
The data presented in figure 8 prove that the use of the DR method effectively suppresses the spurious spots observed on applying exclusively either ISR or IDR. The reconstructed amplitudes displayed in figure 8(d) demonstrate convincingly that holography provides not only the intensity but also the phase information. It is worth noting that the signs of the positive and negative amplitudes are well pronounced, thereby allowing one to distinguish nuclei with positive and negative scattering lengths. Therefore, the present holographic study of PdH provides more detailed information as compared to the results presented in [16] and [17] . In [16] , only the first Pd neighbours were observed. Meanwhile, [17] presents results of the observation of first palladium and second hydrogen neighbours, the positions of which are markedly shifted compared to the expected ones. Supposedly, this deformation was caused by the rather large wavelength used (1.82 Å). A comparison of the results given in [16] and [17] draws attention to the importance of correct choice of the wavelength used in the experiment.
From the experimental point of view, it should be noted that, in the present investigation, the successful use of 2D multidetectors for neutron holography was demonstrated for the first time. In addition, it was shown that holographic images can be recorded, even if the sample is mounted inside a furnace. Further, we point out that, despite the fact that the experiment was carried out at elevated temperature (500 K), the holographic image remains clearly visible. This observation is encouraging concerning the possibility of extending holography to still higher temperatures, thereby enabling the use of the method in, for example, the investigation of high-temperature phase transitions. In summary, the results of the present investigation suggest that, going beyond demonstrations of feasibility using well-known model systems, neutron holography may be applied to more complex problems in the not too distant future.
